Abstract: This paper reviews evidence
INTRODUCTION

RESTLESS LEGS SYNDROME (RLS) IS A SENSORIMOTOR DIS-ORDER CHARACTERIZED PRIMARILY BY MOTOR RESTLESS-NESS WHICH IS BROUGHT ON BY REST AND ACCENTUATED LATER IN THE DAY AND DURING THE EARLY NIGHT IN THOSE
WITH NORMAL CIRCADIAN ACTIVITY RHYTHMS. According to the recently revised diagnostic criteria, RLS is a clinical diagnosis which depends first on establishing the key features of the disorder (Table 1) and then on excluding potential mimics such as cramps. 1, 2 Although work has advanced in understanding the pathophysiology and genetics of the disorder, there is currently no recognized objective test for the disorder. A combination of a provocative test conducted in the evening (suggested immobilization test-SIT) with measurement of sensory discomfort and the presence of frequent periodic limb movements (PLM) during awake epochs of the standard polysomnogram (PSG) can produce a high degree of diagnostic accuracy (reported sensitivity of 82%, specificity of 100% on sample tested). 3 In general, a significant number of PLM during sleep (PLMS) have been found in 80 to 90% of patients with RLS, 4 but the absence of such movements, especially after only a single study, does not exclude the diagnosis of RLS provided the diagnostic criteria are satisfied.
PLM (See Table 2 for definition of abbreviations) are repetitive movements that primarily involve the legs and that occur maximally during NREM sleep. While most PSG only record movements during sleep (PLMS), some do also consider those PLM occurring during wake (PLMW). Standard criteria for PLM include their occurrence in a series of 4 or more movements spaced by intervals of 5 to 90 seconds (onset to onset) with EMG burst durations of 0.5 to 5 seconds that rise to 1/4 of the EMG biocalibration amplitude. 5, 6 It has recently been proposed that the burst duration be allowed to be as long as 10 seconds for PLMW, speculating that the involuntary muscle activity may be extended by a voluntary component that lengthens the burst. 7 PLM are themselves only a finding, whereas periodic limb movement disorder (PLMD) is a clinical condition which involves a sleep complaint associated with the finding of excess numbers of PLMS 6 . To make a diagnosis, it is generally necessary to exclude other sleep disorders as the source of the sleep complaint. Recently, it has been appreciated that such disorders should include upper airway resistance syndrome which often is not apparent with routine PSG studies. 8 In 1999, the Standards of Practice Committee of the AASM (Andrew L. Chesson, Jr., MD, chair) published an initial set of standards for the management of the restless legs syndrome (RLS) and periodic limb movement disorder (PLMD). 9 These standards were based on a literature review of therapeutic trials, which covered the period ending with April 1998. 10 It was evident at that time that there were an increasing number of reports of therapeutic trials in RLS being published. It subsequently became clear that the large majority of new articles focused on dopaminergic agents, particularly levodopa (combined with a decar-boxylase inhibitor) in various formulations and dopamine agonists. The literature prior to 1998 contained a number of articles dealing with levodopa formulations, but there were few articles on dopamine agonists and none on the newer, non-ergot dopamine agonists, pramipexole and ropinirole, which were first registered in Europe and the United States for other therapeutic uses at around the time of completion of the evidence review. It was, therefore, felt that an additional review was necessary to examine the evidence for use of the dopaminergic agents and especially the newly introduced agonists. In the four years prior to April, 2002 , there were a sufficient number of publications to make at least an initial evidence based review of these agents. This review does not cover the full range of RLS therapies that are recommended for use; there were insufficient new publications in the intervening period to add significantly to the earlier review of agents other than the dopamingeric medications. Those interested in the general treatment of RLS need to read this supplementary review in conjunction with the earlier review which covers all agents.
METHODS OF LITERATURE SEARCH AND REVIEW
Literature searches were first conducted in January 2001, and then updated in August 2001 and finally, April 2002. The search was performed through Medline using the search terms: restless legs, periodic leg movement, periodic limb movement, and nocturnal myoclonus. A Pub Med search was also done. Search terms were applied both to the keyword field and as a text search. A total of 227 papers were derived from the searches and reviewed for relevance to the therapeutic literature based on their abstracts. 56 papers were selected for detailed consideration and four were added by task force member recommendation from other search resources. Of these, 27 met the criteria of having a focus on RLS treatment with a minimum of 5 patients studied, a clear indication of RLS or PLMD diagnosis for study entry, and use of a pharmaceutical agent which was primarily active on the dopamine system.
All articles selected for inclusion in the review were examined by one task force member who prepared a detailed report according to a modified worksheet. This report was then reviewed by a second task force member. Discrepancies were resolved by the chair. The material was then put into evidence tables grouped by class of agent: levodopa formulations, dopamine agonists, and other dopaminergic agents (Evidence Tables 3 through 5 ). All articles were reviewed for: mode of RLS diagnosis , means of quantifying PLM (usually only PLMS) or PLMD diagnosis where relevant, entry and exclusion criteria, number of subjects and age and gender breakdowns, agent used, schedule of administration and dosage at evaluation, outcome measures and results, including indication of significance of statistically tested results, and study conclusions. Possible biases and other distinctive characteristics of individual reports were noted as comments. Evidence levels were assigned based upon the following scheme:
Level 1 -Large, well designed, randomized, blinded and controlled study with statistically significant conclusions on relevant variables. Level 2 -Smaller, well-designed, randomized and blinded controlled study with statistically significant conclusions on relevant variables. Level 3 -Well designed non-randomized prospective study with control group Level 4 -Well designed, large prospective study with historical controls or careful attention to confounding effects or small prospective study with control group Level 5 -Small prospective study or case series without control groups All authors of this paper, members of Standards of Practice Committee, and the AASM Board of Directors completed detailed conflict-of-interest statements and were found to have no significant conflicts with regard to this subject.
BACKGROUND
During the three-year period between the final draft of the previous review and the current review, there was active research on the pathophysiological basis of RLS and PLM, the epidemiology and genetics of RLS, and the means of identifying patients and assessing their severity.
a. Update on pathophysiology
The most important recent developments in understanding the pathophysiology of RLS, has focused on the possible involvement of the dopamine system in RLS. In an additional recent development, it has been found that an abnormality of the body's use and storage of iron may underlie the dopamine abnormality. Several lines of evidence support this hypothesis. Imaging studies using ligands targeted to pre-and postsynaptic dopamine sites have found evidence for a modest reduction of dopamine function in the striatum, perhaps more in the putamen than in the caudate. 11, 12, 13 It is not clear whether this modest difference suggests that these brain areas are involved in RLS or whether this effect is merely part of a more general dopamine dysfunction. The actual tracts involved in the generation of the disorder may lie elsewhere. In addition, not every study has found an abnormality of dopamine system imaging. 14 However, none of the studies were done at a time of day when patients were likely to suffer their greatest symptoms, nor have they been able to focus on dopamine tracts other than the nigrostriatal tract. Some additional results have shown only equivocal or unclear evidence for involvement of the dopamine system. The use of metoclopramide to unmask RLS symptoms in untreated patients, though seemingly effective in some patients, did not reach statistical significance compared to placebo in a small series. 15 A study of CSF in RLS patients obtained during the daytime when patients were not symptomatic found no difference from controls in the dopamine metabolite, homovanillic acid. 16 Therefore, the strongest evidence for dopamine involvement in RLS remains pharmacological and not necessarily physiological.
Iron deficiency has also been found to be common in RLS. There is an inverse relationship between iron stores and severity of RLS symptoms. 17 Recent results have documented the relative depletion of brain iron stores in RLS patients. CSF ferritin has been found to be low in idiopathic RLS patients 18 and MRI imaging of brain iron has found depletion of iron in the substantia nigra of such patients which is related to RLS severity. 19 Depletion of iron and alteration in levels of iron proteins has now been confirmed on autopsy. 20 Dopamine and iron vary across the circadian cycle with nadirs reached near the maximum of RLS symptoms. Iron is needed for dopamine synthesis and, at least in animal models, iron deficiency during early life can result in lifetime abnormalities of the dopamine system. These findings on iron deficiency have been included in a comprehensive model which explains how iron deficiency could lead to the dopamine abnormalities underlying RLS. 21 It has also been hypothesized that PLM are related to deficiencies in dopamine and are therefore more common in conditions with this deficiency, such as disorders with Lewy body pathology, 22 and less common in conditions of dopamine excess, such as schizophrenia. 23 
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b. Update on epidemiology
Four recent studies are consistent with the idea that RLS is a common condition, at least in populations derived from Western Europe. Phillips and colleagues 24 who studied a population sample in Kentucky, USA, using a questionnaire that was based on the International RLS Study Group criteria (IRLSSG), found that 10% of respondents reported experiencing RLS symptoms 5 or more nights a month. A study of working age women in Sweden (aged 18 to 64 years) found that 11.4% of these young to middle aged adults reported symptoms of RLS that matched the IRLSSG diagnostic criteria 25 whereas a similar study of men found that 5.8% were affected 26 There were significantly elevated complaints of sleep problems and daytime performance disruption due to inadequate sleep in these women compared to those without RLS symptoms. In Chile, a Southern cone country with a predominant European population base, 13% of the relatives of hospital outpatients were found to meet diagnostic criteria for RLS. 27 In a population study of the elderly in Augsburg, 28 Rothdach and colleagues used a 3 question screen to determine RLS. 10.2% of the elderly were diagnosed with RLS, women at a higher prevalence (13.9%) than men (6.2%).
In recent years, a number of epidemiological studies have examined RLS prevalence in other population groups. Two studies from Asia 29, 30 found lower prevalence in Japanese (3%) and Singapore (0.1%) populations than those typical of Northern and Western European populations.
Studies of PLM have been based on enumeration of nighttime movements and have usually only counted PLMS. Recent studies have suggested that PLMS may be more common in younger groups than previously suspected. They may be particularly common in children with ADHD. 31, 32 Longitudinal studies in older adults have found that a high frequency of PLMS persists, but the severity of PLMS does not increase over time. 33 
c. Update on diagnosis of RLS and PLM
A consensus conference held at the National Institutes of Health in Bethesda, Maryland recently clarified and modified the original diagnostic criteria established in 1995 by the International RLS Study group (IRLSSG). 34 As shown in Table 1 , this conference revised and rearranged, but did not substantially alter the diagnostic criteria. 1 The major changes are deletion of the diagnostic criteria of motor restlessness, which was reported to have been difficult to apply, and the establishment of provocation by rest and amelioration with activity as separate diagnostic criteria. It is unlikely that use of the modified criteria would alter the patient population studied. This workgroup also proposed initial criteria for the diagnosis of RLS in children and in the cognitively impaired elderly, as well as a new definition for PLM in children. Meantime, a number of associated diagnostic instruments are under development. 2, 35 Combined with the new diagnostic features, these should facilitate better RLS diagnosis in the future and facilitate screening for therapeutic studies. Almost all papers under review now use the IRLSSG 1995 criteria as the diagnostic standard, 34 as indicated in the evidence tables. Attempts to provide an objective diagnostic test for RLS have been made, but have not yet reached a generally accepted level of utility. Such tests use the SIT and PSG to examine sensory symptoms and motor manifestations (PLM) of RLS. Single measures provide a reasonable level of sensitivity and specificity (80% or more), but the combination of sensory discomfort during the SIT and PLMW index can improve specificity (100% reported). 3 This may therefore be helpful as a confirmatory test if it is positive, but does not rule out RLS if negative.
New criteria have also been proposed for scoring PLMW, since EMG potentials may last longer in that state, perhaps due to voluntary prolongation of muscle activity. 7 Montplaisir and colleagues have proposed that burst duration up to 10 seconds be permitted. 7
d. Update on evaluation of RLS
This period demonstrated the gradual development and validation of a number of rating scales. The full evaluation of RLS involves understanding its basic symptoms, its impact on sleep, and its impairment of quality of life. Therapeutic trials have examined various of these aspects and use both subjective measures (specific to RLS or general, like the SF-36 quality of life scale) and objective measures (sleep studies, actigraphy) to determine the severity of RLS and its response to treatments. Because RLS is primarily a subjective disorder -in fact, it can be considered a chronic pain syndrome if the discomfort has a painful quality -the major office evaluation uses subjective ratings to determine severity. A recent subjective instrument, the International RLS rating scale, has been validated in an international multicenter study (IRLSSG, submitted) and has also been used in a large multi-center drug trial as a measure of therapeutic efficacy. 36 Partial versions of this scale were used in some of the articles under review. 37, 38 This instrument measures both primary disease symptoms and disease impact. It is dominated by a single severity factor, but it appears to have two primary aspects that are related to the severity of the symptoms and their impact on sleep and quality of life.
Additional subjective measures include sleep logs or quality of life scales. A one question Hopkins RLS scale ranks severity by time of day of symptom onset, with more severe disease manifesting earlier in the day. 39 This scale has been validated against polysomnographic measures of severity such as PLMS index (PLMI) and sleep efficiency. In addition, there is an international multicenter study under way to develop a specific rating scale for augmentation (Diego Garcia-Borreguero, MD, oral communication, February, 2004: DGarciaBorreguero@fjd.es), a problem identified as important for dopaminergic treatment of RLS. 40 Standard sleep measures remain useful measures of sleep initiation, continuity, and sufficiency. These are often combined with measures of PLMS amount, frequency, and association with arousals. Recently, the suggested immobilization test (SIT) has been proposed as a possible auxiliary measure, examining the ability of a period of imposed rest to induce subjective and motoric features of RLS. 41 In evaluation of PLMS and possible diagnosis of periodic limb movement disorder (PLMD), the association between PLMS and subtle respiratory defects such as upper airway resistance syndrome has suggested that these conditions be monitored when a diagnosis of PLMD is being considered, since they may be the cause of sleep complaints by themselves. The PLMS in this situation may only be incidental associates of the respiratory disturbances. 8 Also, excessive daytime somnolence associated with PLMS may not be due to the leg movements, but merely an associated condition, such that treatment suppressing the leg movements may not resolve the somnolence. 42 
INTRODUCTION: SURVEY OF THE DOPAMINERGIC AGENTS
As articles reviewed below indicate, the emphasis upon the dopaminergic treatments continues a trend noted in the prior review and indicates considerable effort has been made to develop evidence supporting this mode of treatment. The studies meeting our criteria for inclusion in this review almost all indicate treatment benefits from dopaminergic medications. These include 17 articles showing efficacy of a dopamine agonist, 3 articles reporting treatment benefit for levo-dopa and one article each showing some benefit from amantadine and selegiline, drugs presumed to act on the dopaminergic system because of their positive effects in treatment of Parkinson's disease (PD). The three following sections review each of these classes of dopaminergic medications. Not only have these medications reduced the patients' subjective report of the severity of RLS symptoms in general but also in several instances they have been shown to improve overall sleep and reduce the excessive nocturnal motor activity characteristic of RLS. The one adverse effect from these medications that appears to be receiving more attention than Review Paper SLEEP, Vol. 27, No. 3, 2004 in prior studies is that of drowsiness and sleepiness in the daytime. Thus the current literature consistently reports efficacy of the dopaminergic drugs and also appears to indicate some adverse problems with daytime drowsiness, fatigue or sleepiness, occurring even for treatment with amantadine. However, monitoring of sleepiness has not been extensive and its importance and degree are unclear.
In recent years, it has been reported that dopamine agonists can induce irresistible and sudden sleepiness (sleep attacks) in Parkinson's disease (PD) patients with resulting automobile accidents 43 The initial report spurred multiple investigations which have now suggested that EDS in PD patients can occur with many different treatments. 44, 45 There are likely two related but different effects in PD patients: first is an increase in the experience of significant daytime sleepiness or drowsiness similar to that observed with many other medications such as the benzodiazepines. The second, more serious possible adverse effect, involves a sudden and unexpected onset of sleepiness. The adverse effect of daytime drowsiness from treatment with dopamine agonists is reported for both RLS and PD patients, although the complaint appears to be more common for PD (51% for one sample of 638 non-demented PD patients 46 compared to reported 20-30% for RLS patients, as shown in the adverse effects column for dopamine agonists of table 4). Sudden sleep attacks occurred, however, in only 3.8% of 420 Parkinsonian drivers, and in only 3 drivers (0.7%) did this occur without warning. 46 A review of these patients revealed that a history of daytime sleepiness, such as documented by the Epworth Sleepiness Scale (ESS), was found in most of those with sleep attacks. 46 No sudden, unexpected sleep attacks were reported for RLS patients. In summary, although sleepiness has been reported as a side effect of dopaminergic agents in some RLS patients, it is not clear that this would include an important number of sleep attacks. The degree of sleepiness experienced in RLS patients is likely less than that of PD patients, who have a very different pathology, who show a likely tendency towards EDS independent of treatment 47 and who take very different doses of the medications.
4B. LEVODOPA
Our previous 10 review summarized the results of 18 studies of levodopa in the management of RLS, including eight double blind trials. The effectiveness of the drug in reducing PLMS and RLS was clearly demonstrated, leading to the designation of use of levodopa as a guideline for treatment of RLS and PLMD. 9 Clinical series emphasized, however, the high frequency of daytime augmentation (up to 82%) and early morning rebound (20-35%) associated with levodopa treatment, especially at higher dose levels.
We reviewed two recent double-blind, placebo controlled, crossover trials of levodopa, both using actigraphic measurements of PLMS and quality of life measures. The first study was designed to explore the duration of levodopa response and to assess how long the drug must be taken for a therapeutic effect to become apparent. 48 Regular release levodopa (100-200 mg) and benserazide were administered one hour before bed for four weeks, followed by four weeks placebo. The results showed that the effect of levodopa on PLMI was confined to the first 4-6 hours in bed. A significant reduction of PLMI occurred the first night the drug was taken and the effect wore off the night following discontinuation of therapy. Patients' ratings of sleep latency, sleep quality and life satisfaction all improved significantly with the drug. However, there was a significant increase in physicians' ratings of RLS severity during the day with the drug compared to placebo, suggesting the start of augmentation.
The second study explored one possible approach to the problem of the short duration of action of levodopa. 49 Slow release levodopa (100-200 mg) with benserazide was added to 100-200 mg regular-release levodopa for 4 weeks. Patients were selected if RLS in the first half of the night had responded to regular-release levodopa, but PLMS had increased in the second half of the night in association with later prolonged awakenings. The PLMI was significantly reduced between the 3 rd and 7 th hour after lights out in the combination treatment sequence compared to the sequence in which only regular release levodopa was taken. Patients' ratings of sleep quality, RLS severity at night and time awake in the second half of the night all improved significantly. Augmentation developed in 27% of patients on combination therapy and 17% on the regular release drug alone.
The question of whether dopaminergic therapy relieves symptoms of attention deficit and hyperactivity disorder (ADHD) in children who also have RLS or PLMS was explored in an open label study of five children. 50 After six months of therapy with 400 mg levodopa daily in divided doses, the PLMI and the index with arousals significantly fell and measures of ADHD improved. The study was not able to determine whether the effect on ADHD was mediated via reduction in PLMS or through an independent mechanism. In summary, recent studies have emphasized the short duration of regular release levodopa in reducing PLMS; reported that levodopa is effective the first night it is used, thus supporting feasible intermittent use of the drug; found that a combination of regular and slow release levodopa before bed provides a longer duration response compared to regular release levodopa alone; reported improvement in quality of life indices with levodopa use; provided prospective information indicating a high frequency of daytime augmentation even after only four weeks use of the drug; and provided some preliminary data suggesting that further exploration of the role of levodopa in treating children with both ADHD and RLS/PLMS may be warranted.
4.C.I. SPECTRUM OF ACTION IN BINDING OF AGONISTS
The dopaminergic agents discussed in this paper include the following: pergolide, pramipexole, ropinerole, talipexole, cabergoline, piribedil and alpha-dihydroergocryptine (DHEC). Pergolide, cabergoline and DHEC are all ergot derivatives with predominately D2 receptor agonist properties; and partial or complete D1 agonist properties. 51, 52, 53 They all appear to have affinity for D3 and D4 receptors, which is lower than that for D2. Pramipexole, ropinerole, piribedil and talipexole are non-ergot dopamine agonists. Their highest affinity is for D3 receptor followed by D2 and then D4 receptor. Talipexole appears to have only partial agonists properties at the D3 receptor. None appear to have an effect on the D1 receptors. 52,53
4.C.II. PERGOLIDE
In the 1999 AASM review of treatment for RLS and PLMD, only two published studies of pergolide were available. 54, 55 The practice parameter report noted sufficient evidence to recommend pergolide treatment as a guideline but not as a standard.
The current review found seven new studies of pergolide, of which one attained Level 1 evidence and two attained Level 2 evidence. 50 56 Earley et al. also reported RLS and PLMS significantly improved with pergolide. 57 In uremic patients, Pieta et al. reported improved subjective measures but not objective PLM or sleep measures. 58 Three clinical series in adults have noted long-term favorable results with pergolide. 59, 60, 61 In the largest of these studies, adverse effects of nausea (41%), congestion (41%) and very mild augmentation (27%) were noted, but 78.6% remained on pergolide long-term. 61 Domperidone has been used to manage nausea in some of the studies. 56, 61 In the only study involving children, Walters et al. reported favorable results in two children based on improvements in polysomnographic, cognitive and behavioral measures. 50 Overall, a number of studies, including those providing high levels of evidence, have been published reporting pergolide to be effective in the treatment of primary, adult RLS and PLMD. Nausea and congestion are common adverse effects, but rarely has augmentation been reported severe enough to warrant discontinuation. Recent reports of single cases and small series detail rare, but serious complications of pergolide use which are typical of ergot medications: the development of pleuropul- 62 or cardiac valvulopathy. 63 For uremic patients with RLS there may be potential benefit. Further study in childhood RLS and PLMD is needed. 50 
4.C.III. PRAMIPEXOLE
The only double-blind, randomized, cross over trial with placebo control had eleven subjects of which only ten completed the trial. 64 The maximum dose of pramipexole was 1.5 mg. The dose was escalated on a weekly basis over four weeks. Pramipexole was significantly effective in treating sensory and motor symptoms as measured by RLS severity questionnaire, PLMS and PLMW index by polysomnogram. However, sleep efficiency did not improve. The four remaining studies were openlabel clinical series looking at long-term effectiveness and side effects. In these trials 37, 65, 66, 67 pramipexole was used in a dose range of 0.125mg to 2.5mg. The treatment period ranged from 1 to 10 months. The sample size ranged from 7 to 24 subjects. The outcome measures were all subjective ratings scales. All of these studies reported a "significant" improvement in subjective ratings with the use of medications. The common side effects noted in the trials were fluid retention/edema, sleepiness/fatigue during the day, GI disturbance, insomnia/alertness, dizziness and occasional augmentation or worsening of RLS.
These studies consistently report a benefit to the use of pramipexole in the treatment of RLS in adults. The actual duration and degree of effectiveness is unclear given the limited number of high-quality, placebo-controlled trials.
4.C.IV. ROPINIROLE
The evidence for support of ropinirole in the treatment of RLS is based on five studies (six publications). One study was a single-blinded, non-randomized cross over trial. This study was divided into subjective and objective outcome measures and reported in two separate articles. 68, 69 The patients spent three sequential nights in the sleep lab: The first night for adaptation, the second night with placebo and the third night with ropinirole, which was given at a dose of 0.5mg on just the third night. The subjects performed psychomotor tasks and had a standard all-night polysomnogram. The study demonstrated that there was a first night effect with improvements from the first night to the second night. Comparing the drug night to the placebo night, they report an increase in total sleep time and sleep efficiency but more frequent stage shifts. On psychomotor tasks there was a decrease in somatic complaints, enhancement of fine motor activity, and a decrease in error rate. There were also four, open-label clinical series 38, 70, 71, 72 which varied in the duration of treatment from 31 days to 10 months. The dose ranged from 0.25mg to 4mg. The sample sizes were small (5 to 16 subjects). Subjective measures were used in all three studies but PLMS (PSG) were measured in only one study. 70 That study reported improvements in sleep efficiency and PLMS based on PSG, both immediately after beginning of treatment and after a month of using ropinirole. All studies reported significant improvements of subject's ratings of symptom severity while on treatment.
4.C.V. OTHER AGONISTS
There have been four other dopaminergic agents used in treating RLS. All four studies (using talipexole, cabergoline, piribidel, and DHEC) were open-label clinical series. Five subjects were treated with talipexole for four weeks with doses ranging from 0.4 to 0.8 mg given at bedtime. 73 The authors reported a "significant increase in both sleep efficiency and percent stage 2 and a significant decrease in percent stage 1, percent stage awake and number of arousals". There were no data or statistics given in the paper. Cabergoline was given to nine subjects once a day for twelve weeks. 74 The dose ranged from 1-3 mg per day. Polysomnographic data demonstrated a significant reduction in PLMS, PLMA and PLM awakening. Total sleep time was increased and sleep latency was shortened along with an increase in sleep efficiency. All 75 ). The causes of RLS in the 13 patients included Parkinson's disease (4), neuropathy/ polyradiculopathy (6) and idiopathic (3) . A tenpoint subjective rating scale was used as the endpoint. Treatment produced complete, partial, or no response in eight, three and two subjects respectively. 75 DHEC was given to 15 subjects in doses ranging from 10 mg to 40 mg per day. 76 Thirteen out of 16 subjects experienced side effects with nausea, vomiting and abdominal pain being the most common. The outcome measures were a visual analog scale for symptom severity, and patient recordings of duration and quality of nocturnal sleep, sleep latency and frequency of sleep interruption. The sleep duration and sleep latency were reported as improved.
Overall these studies provide only modest, preliminary evidence of efficacy. They provide level 4 and 5 evidence to support use of these dopamine agonists.
d. Other dopaminergic agents
Amantadine was developed as a prophylaxis and treatment for influenza and serendipitously was found to be useful for treatment of Parkinson's disease.
Among its actions, it is considered to enhance dopaminergic activity. In one unblinded, uncontrolled study, amantadine in doses ranging from 100 -300 mg/day (taken 1 to 3 times a day as needed.) was evaluated as an add-on treatment for 21 adult RLS patients who were not adequately treated by their current medications. 77 About half of the patients (11 of 21) reported some benefit with six (29%) reporting at least 95% reduction in symptoms. The outcome variables showed statistically significant treatment effects. None of the subject factors predicted response to amantadine. The adverse effects of amantadine did not include augmentation but did include drowsiness for three patients and fatigue for two, somewhat like the problems with daytime alertness noted for other dopaminergic treatments. Follow-up evaluations of the 11 patients reporting benefit from amantadine were obtained for three -13 months after treatment. The treatment benefit continued for all but two of the patients. During this follow-up period two patients weaned themselves off their other RLS medication (levo-dopa). Overall these are promising results for an open-label trial suggesting amantadine has a place in the treatment options for RLS. One somewhat troubling aspect of the study was the number of patients already on treatment for their RLS who had such limited benefit from their treatment and the apparent relative failure of this medication for treatment of patients with augmentation. The degree of benefit for patients not on any medication remains to be determined in future studies.
Selegiline is an irreversible MAO inhibitor that at lower doses selectively inhibits MAO-B. This action is considered to effectively decrease synaptic dopamine reuptake and enhance dopaminergic activity. Selegiline has a short metabolic half-life of less than 1 hour and is metabolized into amphetamine and methamphetamine. It has been evaluated in one study for the treatment of PLMD for patients selected to have a sleep-wake complaint but no other major sleep disorder. 78 Patients with RLS were explicitly excluded. In 31 patients evaluated with polysomnograms before and after treatment there was a significant decrease in PLMS. Patients took selegiline during the daytime in equally divided doses early in the morning and again at noon times. A forced escalation of dose every two weeks from 5 to 10 and then 15 mg twice a day was followed by a maintenance dose chosen by the patient as the most effective. The maintenance dose was continued for another six weeks to seven months before repeating the PSG evaluation. Average ± standard deviation decrease in PLMS per hour for all subjects was 20.7 ± 23.8. There was also a mild non-significant decrease in sleep efficiency and increase in sleep latency. Although the patients selected their doses based on clinical benefit, the study did not report any systematic data on clinical changes associated with this treatment other than the decrease in PLMS. Overall this study supports the concept that enhancReview Paper SLEEP, Vol. 27, No. 3, 2004 ing CNS dopaminergic activity reduces PLMS. It is not certain if this would apply to the PLMS of RLS patients, but this seems likely. The lack of a blinded placebo control must be noted since the decrease observed may be a regression to mean effect for patients chosen to have a large number of PLMS. The clinical significance of these findings is much less certain. The lack of any report on clinical benefits aside from decreased PLMS and the report that the medication was continued at a dose considered to be effective by the patient further limits conclusions that can be drawn from this study. These patients were presumably selected from a group started on the selegiline treatment and the subjects reported were the ones who continued on the treatment long enough to have the repeat PSG. No information is provided about the number of subjects who started but did not complete this treatment schedule. Those completing the study may have improved clinically for reasons other than the medication use.
SUMMARY OF DOPAMINERGIC THERAPIES STUDIED a. Agents
The new studies show a shift from the previous review of therapy in RLS. While we have not considered therapies other than dopaminergic, these agents have provided the vast majority of therapeutic trials reported in this period, although trials with anticonvulsants, opioids, and metals have continued to be reported. Within the studies on dopaminergic agents, two trends can be discerned: First, there has been a shift from a concentration on levodopa, to a focus on other agents, especially dopamine agonists. Second, a much wider variety of agents has now been tried in RLS. This is again true of the dopamine agonists, eight having been the subject of trials during this period. Other agents such as apomorphine have been tried, but not reported in papers reaching our inclusion criteria. It is to be expected that additional agonists may be studied in the near future.
b. Patients Studied
The majority of patients with RLS studied have been those who are middle-aged to elderly. One study, however, has examined the response to levodopa and pergolide in children with co-morbid ADHD. 50 Although there has not been a systematic study of the aged, individuals over 65 years of age have been included in many of the studies.
To date, there have been very limited studies of RLS treatment in pregnancy. 79, 80 None have reported the use of dopaminergic agents. There are few studies of secondary RLS, although some of the studies have included patients with uremia, neuropathy, or fibromyalgia. One study was restricted to patients on dialysis. 58 Most studies include patients with moderate to severe RLS. Because there has not been a standardized means of assessing severity, it is difficult to make comparisons across studies. Some studies have concentrated on those with previous medication failures, which is likely to be a more severe group. One distinct change in the current study period is the marked decrease in studies aimed at PLMD. Only one study specifically targeted this group. 78 This is likely due to the controversies regarding the morbidity of PLMD. 22, 42, 81, 82 
c. Strengths and Weaknesses of Studies
Although the number of reported studies in the time period covered (<4 years) indicates that there is a substantial increase in the investigation of therapeutic modalities for RLS, there remain certain key deficits in the kinds and scope of studies that have been undertaken. First, almost all of the studies are small scale or of modest size. Very few studies are multicenter or include large numbers of subjects; large multicenter studies have only been reported in abstract form. 36 This deficiency may be remedied in the next few years. Second, most of the studies cover shorter time periods, although several open studies have examined responses over several months to a year or more. Good, multi-year data are lacking. Third, there are no new comparative studies reported in this time period, making it difficult to perform direct comparisons of different agents. Fourth, the major issue of augmentation, raised by earlier studies of levodopa and pergolide, 40 has not been systematically studied. Those papers reporting studies on agonists which describe augmentation report lower levels than seen with levodopa. What is currently lacking, in this regard, is a means of assessing augmentation. Trials with a scale to assess augmentation are now under way (Diego Garcia-Borreguero, MD, oral and email communication, February, 2004: DGarcia Borreguero@fjd.es ).
Studies have continued to rely on monitoring of subjective response and sleep measures, including PLMS. The more compelling studies use both objective and subjective measures. Few studies have used statistical corrections for the number of comparisons. Clear designation of primary and secondary endpoints has often not been made. A validated rating scale, the IRLSSG, has been used in several studies, sometimes in a truncated form. 37, 38 An international multi-center validation of this form has now been published. 83 In addition, a number of other quality of life scales are undergoing formal validation (Richard Allen, PhD, Johns Hopkins University, oral and email communication, September, 2003; RichardJHU@aol.com). Which measures should be the primary outcome measures, whether subjective ones or sleep measures, remains uncertain. Objective sleep measures, including PLM counts, may only reflect a portion of the morbidity in RLS. In PLMD, the objective measures are clearly necessary, but may not be sufficient to guarantee a clinically meaningful outcome.
New types of assessment are emerging, but have not yet become standard. The Suggested Immobilization Test (SIT), which can provoke symptoms in most patients, 41 has not yet been used to measure therapeutic response. Actigraphy, which can measure generalized activity, 84 count leg kicks, 85 and provide some assessment of sleep, 86 has been used in a few studies, but has not been fully exploited for longer term assessment of subjects.
d. Coverage of Different Agents and Modalities
The succession of agents studied for RLS have largely depended on when the agents became available to treat other conditions such as PD, pain, epilepsy, and insomnia. Therefore, levodopa and bromocriptine were first studied when approved for use in PD, followed by pergolide, and other more recently approved agonists. To date, there are no medications in the United States for which RLS is an approved indication, although the appearance in abstract form of large multicenter and multinational studies sponsored by pharmaceutical companies suggests that indications may be approved in the near future.
In the future this situation may change and RLS may not be so dependent on initial indications for other conditions. The only medication now approved for RLS is a levodopa/benserazide compound used in Europe whose approval was based on one of the larger studies reported in this review. 48 Doses of dopaminergic agents used to treat RLS have often not been systematically explored and, particularly for the dopamine agonists, the doses indicated in the evidence tables may only be initial efforts to focus in on the range of effective doses. One general observation that can be made, however, is that the dose ranges found effective are almost universally well below those most commonly used to treat PD. The development of augmentation may be related to higher dosages and thus there may be a good rationale to aim for administration of the lowest effective dose for all of these dopaminergic agents.
All the agents reported in this period have been oral agents, although subcutaneous injections 87 or intrathecal administrations 88 have been reported in abstracts or case reports as useful in RLS. Development of other routes for treatment of PD, such as skin patches, suggests that similar methods may be available for RLS in the future. Parenteral or transcutaneous routes will be helpful for those unable to receive oral meds, such as those in the perioperative period or those intubated in critical care units. The recent period demonstrates that dopaminergic agents are currently of greatest interest for treatment of RLS. Extrapolating from current trends, it would appear that the dopamine agonists are likely to be the favored agents for therapeutic trials in the next decade. Almost all studies have reported positive outcomes. No study of idiopathic RLS has reported treatment failures with a dopaminergic agent, although some have shown relatively weak benefits. It is of interest that almost all Parkinsonian medications have been studied in RLS and reported to benefit the condition. The solitary exception is the anticholinergics, which may indicate some differential pathophysiology of the two disorders.
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Although formal meta-analyses have not been done, the studies we have reviewed show substantial efficacy by different measures, mostly tolerable side effects, and, in the mid-term at least, no severe complications (such as levodopa-induced dyskinesias or mental changes, which may occur in PD). Initial peripheral side effects and augmentation remain the most troubling side effects. The former were managed in several studies by use of domperidone, a peripheral dopamine blocker not approved for use in the United States. The studies report lower levels of augmentation for the agonists and there is at least a clinical impression that longer half-life agents may be less likely to induce manifest augmentation. The development of a validated rating scale for augmentation should help assess this complication of treatment. The issue of sleepiness, raised for treatment of PD, has had quite limited study in relation to RLS.
Studies are underway to validate instruments that can assess quality of life or economic impact of RLS and improvement through treatment. Some modest efforts in this direction have already been reported, as we have reviewed, but more extensive efforts and the development of more closely targeted instruments will add critical information to the picture of RLS and its impact.
In the near future, it seems highly likely that there will be large multicenter trials undertaken by the pharmaceutical industry. It is not clear that the academic environment can support such studies, although that cannot be ruled out. Hopefully, these studies will be able to assess longterm benefits. Other issues that will need study include the development of augmentation and the problems of sleepiness induced by treatment. The academic environment may be well suited to developing comparative studies, perhaps focusing on specific issues such as the development of augmentation.
There is a lack of studies using different administration routes and special populations. These can perhaps best be addressed in the academic setting, but may be later-phase studies carried out if drugs are approved for RLS in the United States or Europe. Children seem most likely to be studied. The elderly make up part of the population currently studied, but they may need systematic review or analysis through agestratified studies. The recent initiation of diagnostic criteria for children and the cognitively compromised elderly should facilitate studies in those populations. Pregnant women remain the most difficult population to study and, in this regard, work on RLS may be dependent on evolving information from drug studies done outside the field. The treatment of secondary RLS with dopaminergic agents remains another issue. Finally, more attention must be made to categorizing patients by level of severity and examining those with different needs for once daily dosing, multiple daily doses, or only situational or intermittent treatment.
